Benzodiazepine drugs have been extensively administered as hypnotics, muscle relaxants, anxiolytics and anticonvulsants. 1, 2) To evaluate the lipophilicities of benzodiazepine drugs is very important for their pharmacodynamical and pharmacological understanding since lipophilicity of a drug concerns its absorption, membrane transport, distribution and accumulation in the body.
3) Lipophilicity is commonly expressed by a partition coefficient and traditionally an octanol/water system partition coefficient has been used as a measure of lipophilicity.
3) However, it has been pointed out that the partition coefficients derived from liposome/water systems are superior to those obtained from oil/water systems in many quantitative structure-activity relationship (QSAR) applications. [4] [5] [6] [7] Moreover, the partition coefficients of drugs between lipid bilayer vesicles (liposomes) and the aqueous phase are of great importance in the investigation of the behavior of drugs towards biomembranes. [8] [9] [10] [11] [12] Thus, the partition coefficients of several benzodiazepine drugs in natural [12] [13] [14] and model 8, 9, 15) membranes have been investigated. Most of these model membranes, however, are prepared from phosphatidylcholine, and for psychotropic drugs the effect of phosphatidylserine (PS) on their interactions with phospholipid bilayer membranes should be determined, because brain membranes contain an abundance of PS as a component.
Determination of the partition coefficients of drugs in liposome/buffer systems has usually been accompanied by separation procedures of centrifugation, 4, 5, 7, 16) filtration 17) or membrane dialysis 6, 8, 9) before measuring the concentration of free drugs or the amount of bound drugs. However, these separation procedures are troublesome and may disturb the equilibrium states of the sample solutions and also lead to errors arising from non-specific matrix adsorption of drugs onto membranes.
It has been recognized that derivative spectrophotometry is applicable to the determination of partition coefficients without any separation procedures since it can eliminate the effect of background signals and hence does not require optically clear sample solutions. 18, 19) In this paper we examined the effect of PS content on the partition coefficients of the benzodiazepin drugs, diazepam (DZ) and flurazepam (FZ), between PC-PS bilayer membranes of small unilamellar vesicles (SUV) by using second derivative spectrophotometry.
Experimental
Reagents Diazepam and flurazepam dihydrochloride were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.) and used without further purification. L-a Phosphatidylcholine (egg yolk) was supplied as a 2% (w/v) chloroform solution by Avanti Polar-Lipids Inc. (U.S.A.) and L-a -phosphatidyl-L-serine (bovine brain) was obtained from Sigma as a 10% (w/v) solution of chloroform containing 5% methanol. Both solutions were stored at Ϫ30°C. Purity of the phospholipids was confirmed by thin layer chromatography (TLC). Other chemicals were of analytical reagent grade.
Liposome Preparation Appropriate amounts of the PC and PS stock solutions were mixed and evaporated by using a rotary evaporator. The content of PS (mol%) in the PC-PS mixture was calculated as PS/(PCϩPS)ϫ100 using the volume of each stock solution withdrawn and each concentration. Further removal of the solvent residue was performed by applying a high vacuum at room temperature for more than 4 h. Thereafter, 5 ml of buffer was added and vortex mixed to make a homogeneous multilayer large liposome suspension. The buffer used was 50 mM NaCl-10 mM 4- The affinity of the psychotropic benzodiazepine drugs diazepam (DZ) and flurazepam (FZ) to phosphatidylserine (PS) was examined since PS is abundantly contained in brain membranes. The effect of PS content on the partition coefficients (K p s) of these drugs between phosphatidylcholine (PC)-PS bilayer membranes of small unilamellar vesicles (SUV) and water was measured using second derivative spectrophotometry. The second derivative spectra of DZ and FZ measured in the solutions containing various amounts of PC-PS SUV clearly showed derivative isosbestic points and a distinct derivative intensity change depending on the amount of the SUV added. The derivative intensity differences (D DD) of the drugs before and after addition of the SUV suspension were measured at a specific wavelength. Using the D DD values, the K p values were calculated and obtained with relative standard deviation of below 10%. The K p values of both drugs increased according to the PS content in the PS-PC bilayer membranes of the SUV proving that both have higher affinity to the PC-PS bilayer membranes than to PC membranes. The effect was much larger for FZ, i.e., the K p value of FZ at 30 mol% PS content increased to about five times the value for the PC SUV. This can be explained by the fact that at the experimental pH of 7.4, 80% of FZ molecules are in a cationic form (pK a ‫,)1.8؍‬ so that these molecules are highly accessible to the negatively charged PS molecules. The results support the rapid and high distribution of DZ and FZ in the central nervous system after their administration.
of 3 min sonication with 3 min interval were repeated, making the net sonication time 39 min. The sonicated suspension was centrifuged for 20 min at 3500 rpm (2000ϫg) to eliminate sediment from the sonication tip. 10) Determination of Lipid Concentration The exact lipid concentration (PCϩPS) in the SUV suspensions was calculated by phosphorus determination. 20) Absorption and Second Derivative Spectrophotometry Two sets of several 5-ml volumetric flasks were provided (one for the sample solutions and the other for the reference solutions) and 4 ml of buffer solution was added to each of them. To the flasks for sample solutions, 50 ml of a stock solution of 3.0 mM DZ or FZ was added, so that the final drug concentration was 30 mM. Then, a suitable aliquot of the vesicle suspension was added to each sample and reference flasks and the buffer was further added to volume. Each flask was shaken for a short time and incubated at 37°C for 30 min. An absorption spectrum was then measured against the reference solution using 10 mm light-path length cuvettes at 37°C with a slit width of 2 nm and a wavelength interval of 0.1 nm on a spectrophotometer (Hitachi U-3210) equipped with a temperature-regulated cell holder. The spectral data was transferred from the spectrophotometer to a personal computer (NEC PC-9801 VX) through an RS-232C interface. The second derivative spectra were calculated by the personal computer using a BASIC program 21) based on the Savitzky-Golay method. 22) A wavelength interval (Dl) of 0.8 nm was employed in the calculation.
Calculation of Partition Coefficients
The molar partition coefficient 10, 15) 
From Eq. 2,
Thus, the DD value is proportional to the concentration of benzodiazepine in the lipid bilayer membranes. Finally, from Eqs. 1 and 4, we get (5) where
The values of K p and DD max were calculated from the experimental values of [L] and DD by applying a non-linear least squares method (accompanying a Taylor expansion) to Eq. 5. The calculation was performed by a BASIC program.
10)

Results and Discussion
Absorption and Second Derivative Spectra The absorption spectra of DZ and FZ in the sample solutions containing various amounts of PC-PS (20 mol% PS) SUV are depicted in Figs. 1a and b , respectively. Neither DZ nor FZ exhibits significant spectral changes upon the addition of SUV. It is also obvious that the counterbalance of the background signals of SUV in the sample and reference beams is incomplete, despite the fact that the solutions in the sample and reference cuvettes were prepared to contain the same amount of SUV. Such strong background signals impede the complete base line correction. Thus, spectral data to calculate the K p values could not be obtained from these absorption spectra.
The second derivative spectra calculated from the absorption spectra in Fig. 1 are depicted in Figs. 2a and b , respectively. In contrast to Fig. 1, both Figs. 2a and b exhibit a bathochromic shift and decrease in derivative intensity depending on the amount of SUV added. Also, three derivative isosbestic points are clearly observed for both drugs proving that the residual background signal effects can be entirely eliminated and that DZ or FZ exists in two states having different derivative spectra, i.e., the drug exists in water and lipid bilayer phases.
23)
Calculation of K p and D DD max The DD values for DZ and FZ were obtained as the differences of the derivative values between the spectrum 1 and spectra 2-8 in Fig. 2a the K p and DD max values were calculated by the non-linear least-squares method.
The results showed in Table 1 indicate that a small difference in these wavelengths does not affect the K p values.
The effect of Dl value on the K p value was also confirmed, since the Dl value affects the results of second derivative spectrum calculation. 21) The K p values of both drugs were calculated by using the DD values measured from second derivative spectra obtained with four different Dl values (0.5, 0.6, 0.7, 0.8 nm). The results listed in Table 2 apparently show that the change in the Dl value has insignificant effect on the calculated K p values. The Dl value of 0.8 nm has been employed in this study because of its lowest relative standard deviation (RSD).
These results confirm the robustness of the derivative method for the determination of partition coefficients of benzodiazepine drugs in a liposome/buffer system.
The K p values at several PS contents were then calculated and are summarized in Table 3 . For both DZ and FZ, the K p values could be obtained with a RSD of below 10% indicating a good precision of the derivative method.
Effect of PS Content on the K p Values
The results in Table 3 show that the K p values of both DZ and FZ apparently increase according to the increase in the content of PS in the bilayer membranes of PC-PS SUV. This proves that both drugs have higher affinity to PC-PS bilayer membranes than to PC membranes.
A drastic increase in the K p value of FZ was observed: though the K p value of FZ for the PC SUV not containing PS is smaller than one half of the K p value of DZ, FZ and DZ show similar affinity to the PC-PS membranes even at 10% content of PS. At 30% PS content FZ has an affinity about 4.8 times that for PC alone. This very pronounced preference of FZ to the PC-PS membranes can be explained as follows. Since pK a of FZ is 8.1, 24) about 80% of the FZ added is in a protonated cationic form at the experimental pH 7.4, and the PS molecules in the PC-PS bilayer membrane of SUV are negatively charged, so that the cationic FZ can easily access the negatively charged surface of the PC-PS SUV.
However, though DZ is in a neutral form at pH 7.4 due to its pK a value of 3.6, 25) the increase in the affinity of DZ to PS-PC bilayer membranes was also detected, thus further detailed investigations on the interactions of the benzodiazepine drugs with PS-PC bilayer membranes will be necessary.
The value of DD/DD max , which corresponds to the fraction of the drug in PC-PS bilayer membranes, was calculated from Eq. 5 with the obtained K p and DD max values, and the results are shown as curves in Figs. 3a and b for 30 mM DZ and FZ, respectively. All curves show good fitness with the experimental data illustrating the precision of the derivative method. The results obtained in this study that DZ and FZ have a larger affinity to PC-PS membranes than to PC membranes support the fact of rapid and high distribution of the benzodiazepines in the central nervous system after their administration.
Though the benzodiazepine receptor is not lipid bilayer itself, it has been suggested that there are certain effects of benzodiazepines which may be generalized to all nerve cells and that can occur in vitro at micromolar concentrations. 12) These effects are nonspecific and mediated by interactions of benzodiazepines with lipophilic zones of biological membranes. 26) Thus the higher affinity of benzodiazepines to PS as compared to PC shown in this work supports the interactions with the lipid bilayer membranes of nerve cells.
In conclusion, to evaluate the affinity of benzodiazepines to biomembranes of the central nervous system by using a liposome/buffer system, it is highly preferable to use PC-PS liposomes rather than PC liposomes. 
